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ABSTRACT 

Total mercury (HgT), methylmercury (MeHg), and other operationally defined Hg species were 

determined on water samples collected from a tluvial-lacustrine system impacted by historic mine 

wastes. Simultaneously, a comprehensive study was undertaken to determine the influence of 

some major physio-chemical parameters on the fate of Hg within the system. Total Hg levels 

showed an increase from common background concentrations of 4 ng/L upstream of mining 

activity, to peak values of IS!Kl-21 (Kl ng/L downstream of Hg contaminated mine tailings piles. 

Methylmercury concentrations varied from 0.1 to 7 ng/L in oxygenated surface waters. In both 

cases. peak values were associated to the highest concentrations of total suspended solids (TSS). 

Paniculate total Hg (Hgp) was typically >50% of HgT increasing downstream. In contrast, the 

dissolved fraction of MeHg (MeHg0 ) constituted always a significant portion of total 

methylmercury (MeHgT). The [MeHgT]/[HgT] ratio decreased downstream suggesting both a 

high percentage of inorganic Hg input from point sources, and likely low specific rates of MeHg 

production within the aquatic system. The latter being due to the combined effects on microbial 

population of both high levels of Hg concentrations found in water and sediments, and other 

factors related to the aqueous geochemistry of the system. Concentrations of HgT in the water 

column were controlled by the input of contaminated panicles from the watershed during the spring 

snow melt. In Lahontan Reservoir. significant losses of Hg from the water column were observed, 

especially at Lahontan dam. Two major pathways of Hg removal from the water column were 

identified: (I) losses of Hg bound to particles by sedimentation. and (2) removal by volatilization 

of dissolved" gaseous Hg (Hg0
) to the atmosphere. 



INTRODUCTION 

Mercury (Hg) is the most toxic of the common heavy metals which have been identified : 

pollutants, even at very low concentrations (Largewerff, 1972; WHO, 1990). With no know 

essential biological function, Hg is bioaccumulated and bioconcentrated. The above aspects of H 

have generated public concerns on iL~ disposlll and fate in the environmenl During the past decadt 

much of the attention regarding Hg studies has shifted from aquatic systems with direct pair 

sources of Hg, to those systems with poorly detined sources (Wiener and Stokes, 1990). Th 

latter are represented by remotely located low-pH and poorly buffered systems and newly create< 

impoundments(Hakanson, 1980; Gill and Bruland, 1990; Grieb et al., 1990; Verdon et al., 1991; 

These ecosystems exhihit devated Hg levds in tish tissues. frequently exceeding public healtl 

guidelines (0.5 - I ~gig wet weight). In these remote aquatic systems without any known direc 

discharge point source of pollutants. Hg is thought to be supply by both direct deposition from th1 

atmosphere and input via runoff from the catchment (Swain et al., 1992; Winfrey and Rudd, 1990 

Lee and Hultberg, 1990). 

Mercury cycling is of continuing interest in areas receiving a direct influx of Hg from batt 

recent and/or historic anthropogen'ic activities. the latter of which is the case for the Carson Rive1 

Drainage Basin (CRDB) in Nevada. Here, many large hard rock mining claims were developed ix 

the latter part of the 19th century. The extraction of precious metals was accomplished by an 

inefficient and cmde amalgamation process. in which liquid Hg was used to free gold and silve1 

from crushed ores. This process introduced about 7.500 tons of Hg to the environment and a 

signiticant portion of these losses entered directly or indirectly the Carson River (Smith, 1943). 

This mining activity resulted in a high Hg contamination level in multiple media of the CRDB 

(Cooper et al., 19H5; Gustin et al.. 1994). Consequently, Hg concentrations in the Carson 

River/Lahontan Reservoir system are much higher than anomalies found in many aquatic systems 

which have been investigated elsewhere for Hg biogeochemistry in the latter decades. In addition, 

the Carson River and iL~ tributaries are characterized by: (1) alkaline pH values (7.3-8.9), (2) an 

evapoconcentration of conservative chemicals resulting from the aridity of the climate, (3) their 
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location on a natural mercurift:rous helt, and (4) their panicular hydrogeochemistry (Cooper et al. 

1983; Cooper et al., 1985; Johannesson et al., 1992; Doyle et al., 1994; Gustin et al., 1994). 

Despite numerous studies on Hg hiogeochemistry, limnological factors responsible for its 

cycling and the occurrence of it~ different species in freshwater systems are still not well 

understood(Gill and Bruland. 1990). In add.ition. these !actors may vary widely from one system 
1/ 

to another. Among factors known to intluenciryg Hg hioaccumulation in aquatic organism tissues 

are the concentrations of HgT and Hg speciation in water (Meili et al. 1991). Therefore, for a given 

aquatic system. the investigation of the geochemical hehavior and the cycle of predominant species 

of Hg, as well as the identitication of key lim no logical parameters, may help to better predict hoth 

environmental and human health effects. 

The CRDB has heen contaminated for over a century. However, only few studies have been 

conducted to determine the extent of Hg contamination and transformation in the aqueous phase. 

Here. we report results of Hg conc..:ntrations and speciation in surface waters from the Carson 

River/Lahontan Reservoir system. Environm..:ntal factors intluencing Hg speciation and 

consequently its hioaccumulation are examined. 

STUDY AREA 

The area under inwstigation is a section of the Carson River in western Nevada. This section 

extends from the upper Carson River near the Nevada State Penitentiary at Carson City, 

downstream to Lahontan Dam (Fig. I). The Carson River tlows northeast from the Sierra Nevada 

through Lahontan Reservoir, providing irrigation water to areas upstream of the reservoir. Flows 

in the Carson River range from littk to none during late summer. to well over 15,000 cfs (424.8 

m 3 /sec.) during winwr and spring !loading events. The river terminates in the Carson Playa. 

Lahontan Dam was huilt in 1915 as a result of the: Federal Reclamation Act of 1902 which 

authorized the construction of th..: N..:wlands Irrigation Project. The construction of the Truckee 

Canal which supplies the res..:rvoir with ahout 40'k of it~ water annually was also a direct result of 

th..: same project. Sources of water for Lahontan Reservoir are the comhined drainages of the 
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Carson and Truckee Rivers. about 3.120 square miles (8085 km2) (Katzer, 1971). The water from 

the reservoir is utilized during the growing season to irrigate agricultural lands in Lahontan Valley. 

The reservoir is also managed as a warm water fishery which is supported primarily by white bass 

(Marone chrysops). white crappie (Pomoxis annularis), yellow perch (Perea flavescens), white 

cattish (lcralurus carus), and channel cattish .(lctalurus punctata)(Cooper et al. !983). Prior to the 

construction of the dam. the water from the Carson River emptied into the Carson Lake which is 

the natural terminus of the river. 

MATERIALS AND METHODS 

Containers and cleaning processes. All samples were collected in prewashed Teflon® 

bottles. New bottles were rinsed in NANOpure® water and immersed in a warm micro-soap® bath 

for 3 days then tinsed thoroughly with NANOpure ®water. immersed in 50% HN03 at 90 °C for 

5 days. After the acid hath. they were rinsed with pure water and filled with a small amount of 

Optima®-HCI 6N (obtained from Fisher Co) for cleaning by reflux for 2 days. This step was 

repeated. Finally. bottles were rinsed 3 times with NANOpure® water before being filled with 

pure water containing 1% Optima® -HCI and double-bagged. For the cleaning of used bottles, only 

acid leaching steps were used. 

Sample collection, storage, and preservation. Samples were collected using the "ultra-

clean free-metal sampling" protocol (Gill and Fitzgerald, 1985). Surface water samples were 

collected during 2 different tlow regimes (546 and 63 cfs) at eight stations (Figure 1). These 

stations were chosen based on their location relative to known Hg contaminated sites and Hg 

distribution within the river/reservoir system (Cooper et al. 1985). Samples were also collected 

from the Truckee Canal to determine the int1ux of Hg from the Truckee River. Clean polyethylene 

gloves were worn dtning the collection of samples. Once the aciditied water was emptied, bottles 

were rinsed .3 times with the river water before being filled. Samples for the determination of 

elemental Hg and the acid-labile Hg were coll~cted in I liter Tetlon ® bottles. Samples for HgT 

were collected using 250 ml T..:tlon® bottles. Samples for MeHg determination and splits for HgT 



b 

were collected in Tetlon® bottles obtained from Brooks Rand Ltd. or Frontier Geosciences (both 

in Seattle, W A). After sample collection, and during their transportation to the laboratory, samples 

were stored in coolers containing ice packs. Samples for the determination of elemental mercury 

were purged within 5 hours of collection. Filtration (0.45 f.lm acid precleaned polycarbonate 

tilters) and aciditication (I% v/v with Optima® -HCl) were conducted in the laboratory under a 

controlled atmosphere in an HEP A® hood. 

Analysis. A nondispersive atomic tluorescence spectrometer (CV AFS) was used for the 

measurement of Hg in the gas phase. Different forms of Hg were operationally named according to 

the steps involved in the treatment of the sample bl!fore the gas-phase stripping (with high purity 

He or N2), and Hg trapping onto a gold-sand trap. Mercury was thermally desorbed from the 

gold-sand trap and quanti lied by a CV AFS (Bloom and Crecelius, 1983; Gill and Bruland, 1990). 

-Eiemenral mercun• ( H1l! was determined by purging non-aciditied fresh water with Hg-

free helium. Brietly. ultra-pure helium (grade 5) was passed through a stack containing charcoal 

and 3 blanked gold-sand traps before reaching the bubbler. The bubbler was a 2 liter Tet1on® 

bottle, connected to a line containing; tir.~t l tenax column for the removal of organic mercury 

compounds, and second, a blanked gold-sand trap for trapping Hg0 contained in the sample. One 

liter of sample was used and purged for 30 minutes under a controlled atmosphere (HEPA hood) 

in the laboratmy. 

-Add-labile or reacrive Hg ( Hg R) includes Hg species reduced by SnCI2 to Hg0, and 

corresponds to inorganic and organically c..:ompkxed Hg species that are displaced by protons 

dUiing acidilic..:ation of the sample to pH -I (Bloom and Ctec..:elius. I 983; Gill and Bruland, 1990). 

For thi.~ determination, 500 ml of nonliltewd acidilied sample (I%) is placed in a bubbler and 0.5 

ml of SnCl2 (30%) is added. The sample is then purged for 30 minutes on a gold-sand trap 

separated to the bubbler hy a quartz tube containing soda-lime (Bloom and Crecelius, 1983). 

-Merhyl mercu1:r. Total methymercury (MeHgT) and its dissolved fraction (MeHg0 ) were 

analyzed by Frontier Geoscienc..:cs (Seattle, W A) using distillation and ethylation processes before 

analysis hy CV AFS (Bloom, 19R9; Horvat et al.. 1993). Only one sample was collected per station 



during the spring runoff. In June, three samples were collected at each location for the 

determination of sample variance. 

-Total mercW)' ( HgT) and its dissolved fraction (HgTD) were determined on field triplicates 

with SnC!2 reduction technique(Bloom and Crecelius, 1983). Prior to analysis, the aqueous 

sample (10 to 100 ml) containing 1% Optima®-HCI was oxidized in a 125 ml Teflon® bottle by 

adding 0.5 ml of BrCI periOD ml of sample. Samples containing high levels of Hg were run on 

small volumes on purged NANOpure water. 

-Hg detection limit and precision: The detection limit (defined as 3 times the standard 

deviation of the average purge hlank, 0.028±0.01. n=6) for the analysis of an aqueous sample 

was 0.03 ng cir 0.1 ng/L for a 200 ml water sample. The precision on a I ng standard solution 

prepared using the atomic ahsorption Hg standard was 1% (1.067 ± 0.015; average± one standard 

deviation, n= 10). The coefficient of variation based on 8 analyses of one sample collected at the 

Carson River Delta was 5% (922 ± 50; average± one standard deviation). The percentage of 

recoveties on spiked samples ranged from 98 to 106%. In addition to procedural and field blanks 

consisting of aciditied NANOpure® water. the quality assurance and quality control purposes were 

met by sending duplicate water samples to Brooks Rand Ltd. or Frontier Geosciences (Seattle. 

WA). For samples collected from uncontaminated sites (locations 1 and 2, Figure 1.), variations in 

Hg concenu·ations with our laboratory at the University of Nevada, Reno ranged from 1 to 5% for 

both HgT and HgTD" However. filtered samples collected in May at Fort Churchill and 

Fisherman's Point showed a broad range of values. 

Other parameters. During the collection of water samples for Hg analysis, some 

parameters were measured in situ (Dissolved oxygen, pH, and temperature). Samples were also 

collected in polyethyelene bottles for the determination of chemical variables influencing Hg 

cycling. Methods for chemical analyses of water and waste water (EPA), were used for the 

determination of: chloride (Cr). sulfate (S04 
2-). dissolved organic carbon (DOC), and hydrogen 

sulfide (H2 S). These variables were determined at the Water Resource Center of the Desert 

Research Institute (Reno. NV). Total suspended solids (TSS) were determined on a 1 liter sample 



volume, filtered through a 0.45 ~-tm pre-weighed lilter, and dried 24 hours at 60 °C. 

Data analysis. Statistical analyses were conducted with SAS® (SAS Institute, 1985). 

Statisical methods. such as linear and PROC STEPWISE multiple regression analyses were used 

to examine the inlluence of key limnological parameters on the fate of Hg within the Carson 

River/Lahontan Reservoir system. The parameters tested were chemical variables describing water 

quality: dissolved oxygen, pH. temperature. dissolved organic carbon, sulfate, and chloride. Three 

dependent variables. total-Hg. methylmercury. and total acid-labile Hg. were subjected to 

correlation and multiple regn.:ssion analyses. 

RESULTS and DISCUSSION 

Mercury concentrations and speciation. The distribution of HgT in water in the Carson 

River/Lahontan Reservoir system shows the exiswnce of three distinct regions. The tirst region is 

located upstream;\he historic mill sites where Hg levels are relatively low. representing the local 

background levels (stations l and 2, Figure l ). The second occurs. from Dayton to the Carson 

River delta (stations :1 to 6). where Hg contamination occurs from mine tailings spatially 

distributed in the lloodplain. channel hanks. and hed sediments. The third region is the artificial 

terminal sink (reservoir) where an important sedimentation process occurs. allowing the reduction 

of turbidity and Hg concentrations observed in water downstream of Lahontan dam(Cooper et al. 

1985). 

The range of mean values of HgT concentrations determined in the two surveys was broad 

(4.28 - 2107 ng/L) and showed the impact of mine tailings spatially distributed along the river 

(Table l ). During the spring runoff in May, the peak value of HgT was observed at Fort Churchill. 

One month later. when the water di.~charge was about 15% of what it was in May, the peak was 

shifted downstream to Fisherman's Point in the reservoir. In both cases, HgT peak values matched 

thc highest concentrations of TSS (Tables I and 2). This suggests that Hg concentrations in water 

were primarily controlled by inputs of Hg-contaminated par1icles eroded from the watershed and 



the river banks during the peak tlow period. This observation is in accord with the positive 

relationship (r=0.90. p<Cl.OI) between H~ concentrations and water discharges, observed 

previously in the Carson River (Cooper et al.. 1985). The input of Hg-contaminated particles can 

also explain the relatively high concentrations (12.88 and 28.15 ng/L) determined on samples 

collected upstream of Dayton in May. In ge~eral, concentrations of H~ steadily increased from 

Carson City downstream to the Carson River Delta in May, and to Fisherman's point in June. 

showing a similar range and trend to those observed in previous investigations(Cooper et al., 

1985; Wayne et al. 1994). 

In the reservoir. the highest concentrations of HgT and TSS were observed during the lowest 

tlow regime when inputs from the watershed were negligible. This increase in HgT concentrations 

in the river from Carson City Gage, downstream to Fisherman's Point in the reservoir, is probably 

related to the size fractionation and the nature of TSS. While moving downstream, the finest 

grained particles which have high adsorption capacity for trace metals (McCutcheon et al., 1992), 

remain longer in suspension than the coarse fraction. From Fisherman's Point to Lahontan darn, a 

signiticant decrease was observed in Hg concentrations. Total mercury concentrations were lO and 

22 times higher at Fishennan's point than at Lahontan darn in June and May respectively (Table 1). 

Approximately. 90% to 95% of HgT found at Fisherman's Point was removed from the water 

column before reaching the dam site while the concentrations of chloride, the conservative tracer, 

were increasing. This observation points out the importance of Lahontan Reservoir as a Hg sink. 

Because of the long hydraulic detention time of Lahontan Reservoir which has been estimated to be 

about 9 months. and the production of biogenic materials which takes place there at the end of 

winter (Cooper et al.. 1983), the main removal mechanism of Hg is likely linked to its adsorption 

on suspended partide matters followed by subsequent tlocculation and sedimentation. In contrast, 

because of the input of cleaner water from the Truckee Canal (Figure 1) with an average HgT 

concentration of 4 ng/L, no signitlcant differences were observed in TSS concentrations between 

stations 7 and 8 in the reservoir (Table 2). 

The range of mean total dissolved mercury (HgTD) concentrations varied from 2.26 to 56.46 
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ng/L. and showed a similar trend to that of H!1" in June. However, in May, mean HgTD values 

were suprisingly high at stations I. 5. and 7. At stations I and 2, these HgTD values were 

associated with high TSS concentrations; 50 and 73 mg/L respectively, but only 45% of HgT was 

bound to the solid phase at the: Hg background level station (tigure 3). That was due to the 

composition of TSS at this particular location, where sand materials which do not have high 

affinity for Hg (Akagi eta!. 1979), represented the highest fraction. 

Mean concentrations of Mc:Hg ranged from 0.3 to 7.2 ng/L, and from 0.1 to 1.6 ng!L for total 

and the dissolved fraction respectively. The absolute values of MeHgT were higher than that of 

many previously documented MeHg concentrations in oxic freshwaters ·with or without sources of 

Hg. However. the [MeHgT]/[HgT] ratio decreased consistently downstream, reaching values less 

than I% of HgT in stations located downstream of the contaminated mine tailings. The highest 

percentages of MeHgT (6.4 - 12%) were found upstream of the contaminated section. These 

observations suggest both a small proportion of MeHgT versus HgT from Hg-discharge points 

and probably a low net product ofmethylation/demethylation within the system. The reason for the 

latter observation may he twofold. (I): Since the studied aquatic system has been heavily 

contaminated by Hg for over a century, microbial communities have had long time to respond to 

Hg stress. Accordingly. established detoxification mechanisms which involve specific enzymes, 

can increase the demethylation process. affecting the accumulation of MeHg (Barkay, 1987; Baldi 

et al., 1989), and (2): Sulfate reducing hactelia (SRB) have been identilied as plincipal methylators 

of Hg in both estuarine and freshwater sediments (Compeau and Bartha, 1985; Gilmour and 

Henry. 1992). 1l1eir activity with regard.~ to MeHg production can he affected hy both low (<200 

).lmoles) and high (>500 ).lmoles) levels of sulfate concentrations, as well as by molybdate, a 

known inhibitor of sulfate mc:taholism hy SRB (Gilmour and Henry, 1991). The occurence of 

these two compounds in relatively high concentrations in the Carson River/Lahontan Reservoir 

system, may impact MeHg production hy SRB. Concentrations of molybdenum have an inverse 

trend relative to that of [MeHgT]/[HgT] ratio in the Carson River (W.B. Lyons, pers. 

communication). In addition, sultide. the end product of sulfate reduction was always under the 
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analytical detection limit (Table 2), even in bottom anoxic waters of the reservoir, collected in late 

summer (Bonzongo eta!. 1994). 

The particula.te fraction (Hgp) always constituted a significant portion of HgT concentrations, 

reaching 94 to 99% from Fort Churchill downstream Lahontan dam. In contrast, the dissolved 

fraction of MeHg (MeHg0 ). even decreas!ng downstream was always significant (Figure 2). 

Coefticients of distribution (Kd) of HgT and MeHgT between the solid and dissolved phases were 

determined using the following equation: logKd=log(C/Cw), where Cs and Cw are 

concentrations of HgT or McHgT in particulate matters (ng Hg /kg) and in water (ng Hg /L) 

respectively. The obtained Kd varied from 4.2 to 6.7 for HgT, and 4.0 to 5.5 for MeHgT The 

partitioning of both HgT and MeH~ was weakly related to pH and concentations of chloride. 

Coefficient~ of distribution of MeHg he tween the dissolved phase and seston in the studied system 

were higher than Kd values reported for sand, silt and woodchips, woodchips, and DOC (<4.0) 

(Akagi et a!., 1979; Miskimmin, 1991 ). However, they were quite similar to Kd values reported 

tor seston in remote seepage lakes (Bloom eta!., 1991). For HgT Kd values were higher than 

those given tor lake sedimenL~ (Hesslein et al.. 1987). Since the higher the value of Kd, the lower 

the dissolved Hg fraction. these values indicate that total suspended solids play an important role in 

the fate of Hg in the: Carson River/Lahontan Reservoir system. Brought in the system mainly via 

runoff during the snow melt period, they are vectors of Hg in the water. They control the transport 

of Hg downstream from discharge points and its removal by sedimentation. Therefore, TSS 

int1uences the accumulation of Hg in aquatic biota by reducing its availability for conversion 

processe.~ and uptake. 

l11e acid-labile Hg. which represents the Hg substrate available for methylation, Hg0 formation, 

and other conversion processes (Mason and Fitzgerald, 1990) constituted always a small fraction 

of HgT The peak value of HgR ( 12.88 ng Hg/L) was recorded in the reservoir at Fisherman'' 

Point in June. This value was far a hove the range of HgR concentrations determined during th~ 

two surveys (0.4-4.0 ng Hg/L). This fraction had a positive relationship with H~ (r=0.65 

p=0.02). and a similar trend with that of TSS concentrations. The "nonreactive" fraction of Hg 



defined here as the difference between H£T and HgR represented 90 to 99.9%. This indicates that 

only a very small fmction of Hg found in the water is available for conversion processes (Mason 

and Fitzgerald. 1990). 

Elemental Hg was detetmined on samples collected in June. Its concentrations were around 0.1 

ng/L upstream of Fort Churchill and averaged 1 ng /L downstream. The determination method 

~sed here disctiminates between dissolved gaseous organic Hg and dissolved Hg0
. From previous 

studies, it is assumed that all the dissolved gaseous Hg in surface water and all the inorganic 

gaseous Hg in the overlying air is Hg0 (Kim and Fitzgerald. 1986; Fitzgerald et al., 1991; Vandal 

et a!., 1991 ). A recent investigation in the CRDB has shown that the range of concentrations of 

Hg in the atmosphere was hroad and varied from common background concentrations (I to 4 

ng/m~) to values as high a.~ 240 ng/m~ over contaminated sites (Gustin et al., 1994). In the 

Lahontan Reservoir area, where substantial concentrations of Hg0 were detected in water, the 

atmospheric concentration averaged 2.~ ng!m 3 (Gustin eta!., 1994). This value was used to 

estimate the degree of saturation for Hg0 in the reservoir water as described by Vandal et a!. 

(1991 ). using the following equation: S=[(Cw * H)/C)] x 100. where Cw and Ca are the 

concentration or Hg0 in water and air respectivdy. H. the Henry's law constant for Hg0 . and S, 

the saturation percentage. As previously observed in the equatorial Pacific Ocean (Kim and 

Fitzgerald. 1986). in temperate lakes in Wisconsin (Vandal et al. 1991). and in Pettaquamscutt 

eslllary (Mason et al., 199~). surface water in Lahontan Reservoir was supersaturated with Hg0 

relative to the atmosphere concentration (S> I 00). lltis indicates the existence oflosses of Hg from 

the water column to the atmosphere hy volatilization. Becau.~e of the use or metallic Hg in the 

almagamation process. Hg0 in the tiver section i.~ introduced in the water from contaminated mine 

tailings which arc di.~trihuted between Dayton and the mouth of the reservoir (Figure 1). This 

observation was contitmed hy the results of Hg speciation in sediment, which showed high levels 

of Hg
0 

near mine tailings while in the reservoir its concentrations were below the analytical 

detection limit (Miller et al.. .1994). Since tlw solubility of Hg0 in water is not high enough 

(Lindqvist et al., 19R4), the incrca.~c of iL~ concentrations in the reservoir after the removal of more 
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than 90% of the Hg-load suggests an in situ production, especially at the dam site. If so, that 

production is likely the result of biological activity involving: (1) bacteria able to produce specific 

enzymes for both Hg-demethylation and reduction ofHg2+ ions to Hg0 (Barkay, 1987; Baldi et 

al .• 1989), and (2) phytoplankton (Vandal et al., 1991; Mason et al. 1993). Lahontan Reservoir 

being eutrophic (Cooper et al., 1983), the effect of phytoplankton can be related to the generation 

of humic suhstances which can act abiotically. reducing Hg2+ ions to Hg0 (Jackson, 1988; Allard 

and Arsenie, 1991 ). 

Overall, two major pathways are involvea in the self-cleaning capacity of the water in Lahontan 

Reservoir: (I) removal of Hg scavenged on particles by sedimentation, and (2) losses by 

volatilization of dissolved gaseous Hg to the atmosphere. 

Comparison with other recent reports on Hg in freshwaters. The coexistence of 

polluted and nonpolluted areas in the studied system gives an oppOttunity for comparison with data 

obtained elsewhere. from both Hg-impacted and noncontaminated aquatic systems. A comparison 

of Hg data obtained in the present study and that found in recent literature, is given in table 3. 

Davis Creek and Clear Lake. located in Central California, were selected for comparison because 

they have some similarities with the Carson River/Lahontan Reservoir system, including: high pH 

values (7.5-9), a similar range of dissolved organic carbon (3-6 mg!L), and Hg pollution related to 

mining activities (Cooper et al. 1983; Cooper et al., 1985; Gill and Bruland,1990 Gustin eta!.. 

1994). In contrast, Clay Lake (Ontario, Canada) and Onondaga Lake (NY) were mainly pollutec 

by chlor-alkali plant discharges, the latter. with epilimnion pH ranging from 7.5 to 8.3 has beer 

desciihed recently as one of the most polluted lakl!s in the United States (Bloom and Effler, 1990) 

Also listed an~ Lake San Antonio (CA) and Pyramid Lake (NV) which lack direct sources of H! 

contamination. 

Despite the fact that ranges of data for Onondaga lake include values determined on anoxi< 

bottom water samples, hoth HgT and HgTD concentrations in the listed aquatic systems aD 

relatively close to, or included in. the range of Hg concentrations found in the background area a 



the the Carson River/Lahontan Reser~oir system. As shown in table 3, HgT and HgTD 

concentrations in the contaminated part of the Carson River are 5 to 100 times higher than those 

given in the selected references, and likely among the highest in aquatic systems with known 

histmies of Hg contamination. 

In contrast to large differences in HgT.concentrations, patterns of Hg speciation are more 

comparable. The highest concentration of MeHgT in oxic untiltered surface water of the Carsor 

River was approximately one order of magnitude higher than those observed in Clay anc 

Onondaga lakes. This peak value was similar to that obtained in anoxic bottom water of Onondag< 

Lake. The dissolved fraction of MeHg in Onondaga Lake was in the range of concentrations foun< 

in regions I and 3 of the Carson River/Lahontan Reservoir system. However, concentrations o 

MeHg0 in region 2 were much lower than those observed in anoxic water in Onondaga Lake 

Overall. in non and less contaminated systems in Central California. MeHg0 represented 

significantly higher fraction of HgTD compared to those observed in the Carson River. Th~ 

observation might he related to the ditference in the speciation procedure. 

The acid-labil<.! fraction in the Carson River varied from I% to II% of HgT' However. it 

concentration.~ represented 4.5% to 57% of HgT in surface water of the Onondaga Lake and up t 

50% ofHgT in nonpolluted systems. These differences arc likely due to the nature and abundanc 

of materials (sand .. ~ilt. clay. humic sub.~tanccs. hactcria. and plankton) which constitute the TS 

in these aquatic systems. 

Mercury and environmental factors. The distribution and the occurence of Hg species i 

aquatic environmenL~ are prohahly regulated hy some key limnological and chemical parameter 

even though little is known ahout the relation hc:twcen these factors and Hg speciation (Gill ar 

Bruland. 1990; Bloom and Erller. 1990). Using the comhincd data obtained from the t"' 

sampling events. we examine the inllucnce ol· physiochemical parameters on concentrations ar 

speciation or Hg. Because or its dissimilarity. regression analyses were run with and without da 

from Lahontan dam. In the latter ca.~e. positive and signiticant relationships were obtained betwe' 
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Hg and the distance downstream from Carson City, and TSS (table 4). When data from Lahontr 

dam were included, signilicant relationships were restricted to correlations between HgT' H~ 

and TSS. In contrast. the percentage of MeHg (not shown) for unfiltered samples showed 

negative hut signilicant relationship with the distance downstream from Carson City (r=-0.' 

p=O.Ol). This relation suggest~ hoth the importance of the inorganic fraction of Hg from poii 

sources and likely a low specilic rate of net MeHg production in the aquatic system. For filter< 

samples, a similar relation was found with TSS (r=-0.84, p=O.OOI), showing the high affinity 1 

Hg to panicles. As mentioned a hove, this artinity is responsible for both longitudinal and venic 

transport of Hg hound to particles. 

If Hg concentrations were increasing downstream and showing a positive relation with TSS, tl 

other parameters were not significantly COITelated with Hg concentrations. However, in natur 

environments, Hg cycling is more likely under the com hi ned int1uence of many parameters. The: 

relationships can he desctihed hy multilinear equations which can be used to predict levels of Hg: 

surface water. To find regression equations containing two to three independent variablt 

accounting for >80% of the variation of the dependent variables, concentrations of HgT and that 1 

different Hg species were used as dependent variables in stepwise regression analyses, data fro 

Lahontan dam (station 8) being excluded. For each dependent variable, eight independent variabl1 

or more were Lested. 

For HgT. the hest model from the stepwise regression procedure had the distance downstrea: 

and TSS as independent variahles .. accounting for 86% of the variation in Hg· 

concentrations(adjusted R 2 = 0.86; p = OJJOOJ), yielding the equation: 

HgT(ng/L) = -412 + 1.1.22[Distance downstream (Km)] + 14.3l[TSS (mg/L)] (I) 

Methylmercmy valied with HgT in a positive and significant relationship (R2=0.86; p = 0.000: 

with the following equation: 



l 

MeHgT (ng Hg/L) = 0.55 + 0.002o [HgT (ng/L)] (2) 

For MeHgD and HgR, tht: hcst n-variahlc models included more than four in de pender 

va1iahles. No signiticant relationship was obtained with the dissolved fraction of HgT. 

From these analyses, only HgT and Mef:!gT may he fairly predictable using equations (l) an 

(2). if the sampling point as well a.~ TSS concentrations are known. 

·To investigate issue.~ related to MeHg production and consequently the accumulation of Hg i 

biota, Hg partitioning a.~ well as the n:lationship between its dissolved fractions and DOC are c 

imponance. Concentrations of DOC in the the Carson River/Lahontan Reservoir system range 

from 3 to (i.4 mg!L (Table 2). However. these concentrations were poorly and negative! 

con·elated to dissolved fractions of Hg (Tahle 4), indicating a poor complexation of HgTD t 

dissolved organic ligands. Accordingly. it can he assumed that a signiticant fraction of HgTD i 

the studied system is availahle for conversion processes and direct uptake via diffusion throug 

biotic houndalies. The simplest way for tht: detciminaLion of the fraction which remains in solutio 

when concentrations of TSS are known is given hy following relationship (McCutcheon et al 

1992): F = l I [ 1 + (K *TSS)]. whert: F is the ratio of dissolved to total concentrations, K , th s p s p 

disttihution coeflicient (L!Kg). and TSS. total suspended solids (Kg/L). 

When data from stations I (out.~idc or the contaminated area) and 8 (affected hy the Trucke 

Canal) were excluded because or their dissimilaiities, the K ohtained from the above equation an p 

which yielded the hest fit rcgres.~ion curves were 1.2207 x 10° and 7.6 x 104 L!kg for Hg. 

(r2=0.92) and MeHgT (r2=0.5(i) respectively. Accordingly. these Kp can he used to predit 

distrihution of Hg he tween the dissolved and sorbed phases in the Sllldied system. 

CONCLUSION 

The Carson Rivt:r/Lahontan Reservoir system is one of the most heavily Hg-contaminaLed walt 

hodil!S in the United SLates. The inLcn.~ivc annual erosion of contaminated panicles which occurs i 

conjunction with snowmelt and associated runoff. constitutes the main factor leading to the H 
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load in the system. Within the t1uvial-lacusuine system, the fate of Hg remains in large pan Iinke 

to that of suspended and settling particles. Trends of Hg concentrations recorded during the tw 

sampling events showed that MeHg was signiticantly brought in the system from extern~ 

discharge point sources. This observation was contirmed by the good cmTelation (r=0.99) betwee 

concentrations of MeHg in the water and in river bank materials (Bonzongo eta!., in preparation: 

Rates of the in situ production of MeHg during the sampling periods were probably low, especial! 

in the river section. or atTected by the demethylation process, due to the activity of Hg-resistan 

microbial communities. 

TI1e reservoir behaves as a terminal sink. In this patt of the system, an imp01tat1t removal of H: 

associated to the sedimentation process taking place. The supersaturation of surface waters witl 

Hg 0 observed in the reservoir indicates that the atmosphere is {!gsa a sink of Hg lost b: 

volatilization. 

In late summer. when the water input from the Carson River is negligible, the reservoir become 

thetmally stratified with anoxic hypolimnion in it deepest location. In that period, an algal bloom i 

observed in conjunction with the. increase of water temperature (Cooper et al., 1983) 

Accordingly, Hg tmnsformation and cycling may be impacted by these environmental chat1ges 

Seasonal variabilities of Hg concentrations and speciation should give a better understanding of Hj 

cycling in this part of the system. 
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Table I. Hg concentrations (ng Hg/L) in surface water along the Carson River/Lahanton Reservoir system 

Hg : Dissolved and particulate total mercury; Hg :Total dissolved mercury; MeHg : Dissolved and particulate methylmercury; 
T TO T 

MeHg :Dissolved methylmercury; Hg : Total acid-labile Hg; HgO: Elemental Hg. Values represent an average of 3 samples except when lhe 
D R 

standard deviation is not given (l sample). Flow regimes: 546 cfs on 5-16117-94 and 63 cfs on 6-16/17-94. 

*nd: not detennined; BDL: Below the detection limit. 

Locations Collection H~ HgTD MeHgT MeHg 
(and Km date 

. D 

downstream) 

# I 5-16-94 12.88 ± 2.36 7.05 ± 0.43 0.305 0.161 
(00) 6-16-94 4.28± 0.44 2.46 ± 0.51 0.512 ± 0.054 0.380 ± 0.00 I 

i .. ' . # 2 . '5-16-94 28.15 ± 6.30 3.91± 0.02 nd nd 
(II) 6-16-94 7.87 ± 1.74 2.97 ± 1.22 0.505 ± 0.067 0.399 ± 0.029 

#3 5-16-94 133.91 ± 31.70 4.79 ± 0.16 0.542 0.458 
~ I '' (28) 6-16-94 46.95 ± 20.81 7.98 ± 1.59 1.607 ± 0.087 1.016 ± 0.052 

. ) ~ - #4 5-16-94 722.22 ± 131.59 nd nd nd 
(44) 6-16-94 163.41 ± 39.27 10.16 ± OJ6 2.001 ± 0.074 1.330 ± OJ40 

#5 5-16-94 2107.00± 59.71 46.09 ±I 1.35 7.204 1.202 
(69) 6-16-94 645.64 ± 64.24 9.43 ± 0.28 1.786 ± (),(J31 0.844 ± (l.l81 

#6 5-16-94 1471.00± 37.72 13.23 ± 3.63 4.334 1.597 
(87) 6-16-94 824.18 ± 91.81 10.19 ± 1.45 1.813 ± 0.023 0.787 ± 0.029 

', i #7 5-16-94 1251.00 ± 174.81 56.46 ± 15.04 nd nd ' (95) 6-16-94 1582.98 ± 93.96 25.28 3.725 ± 1.090 0.129±0.010 

# 8 5-16-94 57.06 ± 0.77 3JO ± 0.09 0.544 0.149 
(Ill) 6-16•94 158.35 ± 15.14 3.98 ± 0.35 0.400 ± 0.033 0.135 ± 0.028 

Hg 
R 

HgO 

*nd nd 
0.46 *BDL 

nd nd 
0.39 BDL 

0.10 nd 
1.13 0.15 

1.67 ml 
1.95 0.13 

3.78 nd 
2.72 0.9 I 

2.34 nd 
3.63 0.17 

3.19 nd 
12.88 0.83 

0.7H nd 
1.66 1.23 



Table 2. Physiochemical parameters measured concomitantly with Hg determinations. 

*BDL: below the detection limit(< 0.01 mg/L); D.O. dissolved oxygen; DOC: dissolved organic carbon; TSS: total suspended 

solids. 

Locations Sampling 

date 

# I 5-16-94 
6-16-94 

#2 5-16-94 
6-16-94 

#3 5-16-94 
6-16-94 

#4 5-16-94 
6-16-94 

#5 5-16-94 
6-16-94 

#6 5-16-94 
6-16-94 

#7 5-16-94 
6-16-94 

#8 5-16-94 
6-16-94 

Temperature pH 

(oC) 

11.7 7.34 
16.0 R.26 

12.0 7.39 
19.0 8.33 

12.5 7.32 
15.0 8.08 

12.3 7.45 
18.0 7.96 

13.0 7.47 
20.0 8.13 

14.0 7 .so 
21.0 8.57 

15.0 7.44 
20.0 8.22 

14.5 7.40 
21.0 8.64 

mg/L 

*BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

BDL 
BDL 

so42- ct- *D.O. *DOC *TSS 

mg!L mg/L mg/L mg/L mg/L 

12.7 3.9 9.32 5.9 so 
37.0 8.4 7.78 6.4 II 

13.5 3.8 10.53 5.7 . 30 
35.7 8.3 8.20 6.2 4 

14.2 3.7 11.40 4.9 41 
. 43.3 9.0 9.03 5.6 4 

17.8 4.2 I 0. 7 5 5.5 66 
89.9 11.5 9.70 3.5 3 

2!1.2 4.7 11.22 4.8 73 
R9.8 ID 9.50 2.9 14 

24.2 5.0 9.61 5.1 42 
83.2 11.8 10.90 3.0 17 

64.7 12.7 R.21 4.8 55 
52.6 11.4 8.50 4.0 67 

36.4 16.3 10.71 3.8 41 
43.4 14.5 9.10 3.6 51 



Table 3. Comparison of Hg concentrations and speciation (ng Hg/L) in the Carson 
River/Lahontan Reservoir system with other values reported in recent literature. ( 1): 
present work; (2): taken from Gill and Bruland, 1990; (3): taken from Bloom and Effler, 1990. The 
abbreviations of different mercury species are spelled out in table 1. FCH = Fort Churchill. 

Aquatic systems 
H~ 

Carson River, NV 

Above mil1e tailings 4-28 
645-2107 Below mine (FCH) 

57-1582 Lallolllall Reservoir 

Davis Creek, CA (2) 

Above mine 2.8 

Below mine 14.8- 34 
Resen•oir 5.6 

Clear Lake, CA (2) 

12-104.3 Oaks Arm 
Rodman Slough 3.61-18.05 

Lake San Antonio, CA (2) 
0.56 - 1.8 

Pyramid Lake, NV(2) 1.94 

Onandaga Lake, NY(3) 
7.13/ Range i11cludi11g l'alues from 

surface ami borromwarer 25.68 

Clay Lake, ON(3) 
5- 80 

H~D MeH~ MeHg0 

2-7 0.3 - 0.5 0.10- 0.40 
9-46 1.8 - 7.2 0.80- 1.20 
3-56 0.4 - 0.5 0.13-0.15 

12.03 2.80 
3.21 2.40 

1.1 0.28- 91.27 
1.5 0.74- 14.21 

0.5-1.3 0.1 - 0.5 

0.90 DOL 

2.01/ 0.36/ 0.21/ 
11.97 6.68 5.74 

1.8 - 2.8 

0.4 
2.72-3.8 0.91 
0.8-12.8 1.23 

13.03 
3.81 

0.4- 0.8 

0.96 

0.34/ 0.005/ 
9.72 0.237 

Pollution 
source 

Mining 
activity 

Mining 
activity 

Mining 
activity 

None 

None 

Chlor-alkali 
plant 

Chlor -alkali 
I ant 



Table 4. Pearson correlation coefficients (r) between physiochemical variables and Hg 

concentrations determined during the two surveys. Because of its dissimilarity, values 

from the Lahontan dam were excluded. 

Hg species and concentrations 

Parameters 

Distance 0.81 ** 
downstream (Km) 

0.51 0.67* 0.41 0.71 * 

Dissolved Oxygen 0.34 0.39 0.36 0.36 -0.09 

Temperature 0.05 -0.14 -0.09 -0.10 0.48 

TSS 0.73* 0.72* 0.64* -0.13 0.51 

cxx::; -0.35 -0.20 -0.25 -0.29 -0.44 

Sulfate -0.05 -(>.15 -0.{)9 0.21 0.25 

Chloride -(!.05 -0.16 -0.12 0.01 0.42 

pH -0.15 -0.27 -0.09 -0.10 0.27 

Statistical signi ticance of correlation coefficients indicated at th~ 0.05( *) and 0.0 I(**) levels. 



FIGURE CAPTIONS 

Fig. 1. Location of sampling sites along the Carson River. 

Fig. 2. Partitioning of total mercury (HgT) and methylmercury (MeHgT) 

during the two sampling periods. 
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